Introduction. Treatment of genotype 1 chronic hepatitis C in elderly patients has been associated with low rates of a sustained virological response (SVR), but the reasons are unclear. Objective. To determine the SVR rate in patients ≥ 60 years with genotype 1 chronic hepatitis C treated with Peg-IFN and ribavirin, and to identify risk factors related to treatment response in this specific group of patients. Material and methods. Patients were divided into < 60 years (non-elderly) and ≥60 years (elderly) and were compared regarding clinical, laboratory and histological characteristics and response to treatment. Results. A total of 231 patients were included in the study. The elderly group (n=89) presented a predominance of women, more advanced hepatic disease, higher glucose, cholesterol and LDL levels, lower hemoglobin levels, and a larger proportion of overweight subjects. The SVR rate was lower (25 vs. 46%) and anemia, ribavirin dose reduction and use of filgrastim and erythropoietin were more frequent in elderly patients. Negative predictive factors of SVR in the whole group (n = 231) were glucose ≥ 100 mg/dL and age ≥ 60 years. In the elderly group, only pretreatment variables (lower serum glucose and higher hemoglobin levels) were associated with SVR. Conclusion. The SVR rate was low in elderly patients. However, this poor response was not due to poor tolerance, but mainly to pretreatment conditions. Among elderly patients, the best candidates for hepatitis C treatment are those with elevated pretreatment hemoglobin levels and adequate glycemic control.
INTRODUCTION
Chronic infection with hepatitis C virus (HCV) is highly prevalent in many regions of the world. Patients infected with HCV are at an increased risk of developing cirrhosis and hepatocarcinoma, conditions that are responsible for the high rates of morbidity and mortality seen in these patients. The increased life expectancy of the population has led to a significant increase in the prevalence of HCV infection among older adults, reflecting high rates of infection acquired in the past. 1 Older age is associated with the progression of liver disease and is an important risk factor for the development of hepatocarcinoma, particularly among patients treated with interferon who do not achieve a sustained virological response (SVR). 2 Treatment of elderly patients with pegylated interferon (Peg-IFN) and ribavirin (RBV) is a major challenge since some studies have associated this combination therapy with higher rates of treatment discontinuation due to adverse events, [3] [4] Peg-IFN and/or RBV dose reductions, 5 and lower SVR rates 6 when these individuals were compared to younger patients.
Questions remain regarding the treatment of hepatitis C in the elderly population. The SVR rates reported in the literature vary because the series studied are heterogeneous in terms of the therapeutic regimen used (doses and treatment duration) and age classifications. [3] [4] [5] [6] [7] In addition, few studies have specifically evaluated factors associated with poor treatment response in the elderly population.
Therefore, the objective of the present study was to determine the SVR rate in patients ≥ 60 years with chronic hepatitis C genotype 1 and treated with Peg-IFN and RBV, and to evaluate risk factors related to treatment response in this specific group.
MATERIAL AND METHODS
The study was conducted at the Hepatitis Outpatient Clinic of Federal University of São Paulo. Patients with chronic hepatitis C (positive for anti-HCV and HCV RNA) infected with genotype 1 and treated with Peg-IFN and RBV between 2005 and 2010 were studied retrospectively. Criteria for inclusion in the study were age older than 18 years, a positive HCV RNA test (quantitative detection by Taq-Man real-time PCR, with a detection limit of 50 IU/mL), histological grade of disease activity ≥ A2 and histological stage of fibrosis ≥ F2 according to the Metavir score, and administration of at least one dose of Peg-IFN and RBV. Patients co-infected with HIV or HBV, patients with alcoholic liver disease, chronic kidney disease and decompensated cirrhosis, and organ transplant recipients were excluded.
The patients were divided into two groups according to age: < 60 years (non-elderly) and ≥ 60 years (elderly). The groups were compared r e g a r ding clinical, laboratory and histological characteristics and response to treatment by intention-to-treat analysis.
Pretreatment clinical and laboratory assessment
The following variables were analyzed: age, gender, risk factors of transmission, serum levels of ALT, hemoglobin, cholesterol, HDL, LDL, triglycerides, glucose and ferritin, body mass index, HCV load, and stage of fibrosis and grade of necroinflammatory activity on liver biopsy.
Therapeutic regimen
Peg-IFN was administered subcutaneously at a dose of 180 µg/week (Peg-IFN2a) or 1.5 µg/kg/week (Peg-IFN2b) for 48 weeks. Weight-based RBV was administered orally for 48 weeks at a dose of 1,250 mg/day for patients weighing ≥ 75 kg or of 1,000 mg/ day for patients weighing < 75 kg.
Erythropoietin was introduced when hemoglobin < 10 g/dL or in patients who showed symptoms of anemia. A dose of 10,000 to 40,000 IU per week was administered subcutaneously based on clinical criteria. When granulocytes were < 500/mm 3 , 300 µg filgrastim was administered subcutaneously 1 or 2 times per week. The Peg-IFN and/or RBV dose was either reduced or discontinued if the changes persisted. Treatment was also discontinued in cases of patients with platelets < 25,000/mm 3 and/or clinical intolerance. The SVR to treatment was evaluated 24 weeks after completion of treatment by assessment of HCV RNA.
Clinical and laboratory assessment during treatment
The following events during treatment were evaluated: treatment discontinuation, Peg-IFN and/or RBV dose reduction, development of anemia (hemoglobin ≤ 10 g/dL), and use of at least one dose of erythropoietin and/or filgrastim.
Statistical analysis
The results are expressed as the mean or median. The χ 2 test or Fisher's exact test was used to compare proportions between groups. Continuous variables were compared using the t-test or MannWhitney test. A logistic regression model was constructed to identify factors associated with SVR. A P value < 0.05 was considered to be statistically significant.
RESULTS
A total of 231 patients with chronic hepatitis C (genotype 1) who received Peg-IFN and RBV were studied. Comparison of baseline variables between the elderly and non-elderly groups showed a predominance of women, more advanced fibrosis stage (F3-4), higher grade of necroinflammatory activity (A2-3), higher glucose, cholesterol and LDL levels, lower hemoglobin levels, and a larger proportion of overweight subjects in the group of elderly patients. With respect to treatment variables, elderly patients presented a lower SVR rate, a higher frequency of anemia and RBV dose reduction, and more frequent use of filgrastim and erythropoietin. On the other hand, no difference in treatment duration or in the frequency of treatment discontinuation due to side effects was observed between the elderly and non-elderly groups. Table 1 shows the comparison of baseline and treatment characteristics between elderly and non-elderly patients.
Comparison of baseline and treatment variables in the population studied according to SVR
Among patients infected with HCV-1 and treated with Peg-IFN and RBV (n = 231), those who achieved SVR (n = 88) were younger (P = 0.001), presented a lower degree of fibrosis (P = 0.04), a h i g h e r f r e q u e n c y o f n o r m a l g l u c o s e l e v e l s (P = 0.004), and a longer treatment duration (P = 0.002) ( Table 2) .
Stepwise forward logistic regression was performed to identify variables that were independently associated with SVR (n = 231). The model included only variables that were significant upon univariate analysis. In the final model, negative predictive factors of SVR were glucose ≥ 100 mg/dL and age ≥ 60 years. Longer treatment duration was a positive predictive factor of SVR (Table 3) .
Since older age was independently associated with lower SVR, an analysis including only elderly patients was performed in order to identify the variables associated with SVR in this specific group of patients.
Comparison of baseline and treatment variables in elderly patients according to the presence or absence of SVR
Lower serum glucose and higher hemoglobin levels were the baseline variables associated with SVR upon univariate analysis in the group of elderly patients. No difference in any of the treatment variables was observed between patients who achieved SVR and those who did not (Table 4) .
Side effects of treatment in elderly patients (n = 89)
Treatment was discontinued due to side effects by 16.8% of the patients (n = 15). The main side effects were fatigue (8%), anemia (4%), hepatic decompensation (2%), allergy (1%), and vasculitis (1%). 
DISCUSSION
Chronic hepatitis C is a severe disease that can cause cirrhosis and is associated with high mortality. The cohort of patients who acquired the infection in the past is older today, a fact that renders them more susceptible to advanced liver disease. In addition, these patients are at high risk of developing hepatocellular carcinoma. [8] [9] Antiviral treatment reduces the risk of these complications and increases the survival of patients with chronic hepatitis C, but is associated with important side effects and low response rates, representing a challenge particularly in this population of older patients. 10 The current standard treatment for chronic hepatitis C is Peg-INF and RBV combination therapy, which results in SVR in 40-55% of cases. [11] [12] However, these results were obtained in large clinical trials in which elderly patients are generally not eligible for study. In the present study evaluating patients with HCV-1 treated with Peg-IFN and RBV, the SVR rate was low (25%) among those ≥ 60 years when compared to younger patients (46%). In fact, analysis of predictive factors of SVR in the population studied showed that age ≥ 60 years was predictive of poor treatment response. Controversy exists whether older age unfavorably affects the response to HCV treatment12. A wide variation in SVR rates among older patients has been reported in the literature (22 to 52%). These discrepant results can be attributed to study heterogeneity, different age limits, and small sample size, among others. Surprisingly, Huang, et al. 3 reported an SVR rate of 51.9% in 27 patients older than 65 years with chronic hepatitis C caused by genotype 1 who were treated with Peg-IFN and RBV. In contrast, in the study of Kainuma et al6 the SVR rate was 22.9% in 253 patients aged 65 years or older with chronic hepatitis C treated with Peg-IFN and RBV, a rate similar to that observed in the present study.
The reasons for the poor treatment response among elderly patients are still unclear. Some investigators suggest that treatment with Peg-IFN and RBV is associated with a larger number of clinical and laboratory side effects that are less tolerated by this population, compromising therapeutic efficacy as a result of drug dose reductions and/or early discontinuation of treatment. [5] [6] [7] The frequency of treatment discontinuation was 16.8% in the elderly patients studied here. Fatigue and anemia were the most frequent adverse events that led to drug discontinuation. In addition, older adults more frequently required RBV dose reductions and received more erythropoietin.
RBV-induced anemia is a major problem in the treatment of hepatitis C. In the present study, one patient who developed anemia during treatment had ischemic coronary disease and blood transfusion was necessary in two other patients. Several studies have addressed the dilemma of anemia in the treatment of this population. In fact, renal function declines with age. 13 As a consequence, the clearance of RBV may be compromised, increasing the toxic effects of this drug and consequently the risk of anemia. 14 Therefore, caution is needed when treating elderly patients despite the availability of recombinant erythropoietin, which has recently contributed to a better management of treatment-induced anemia, promoting an increase in serum hemoglobin levels and treatment compliance and consequently increasing the chance of SVR15-17. Despite the high rates of adverse effects among older patients seen in the present study, the rate of treatment discontinuation due to adverse events was not significantly higher when compared to the nonelderly group. In a recent study, Nishikawa, et al., 18 also found no significant difference in the frequency of treatment discontinuation due to side effects between elderly and non-elderly patients with chronic hepatitis C treated with Peg-IFN and RBV.
In the present study, no significant differences in the use of erythropoietin, Peg-IFN and RBV dose reductions, frequency of treatment discontinuation due to adverse effects, or treatment duration were observed between elderly patients who achieved SVR and those who did not. Gianninni, et al., 19 also found no association between Peg-IFN or RBV dose reduction and SVR in patients with chronic hepatitis C older than 65 years.
The present results showed that only low pretreatment levels of hemoglobin and elevated glycemia had a negative impact on SVR in elderly patients, suggesting that baseline conditions are fundamental for the tolerance to and success of treatment. In older adults, the prevalence of changes in glucose metabolism is high 20 and evidence indicates that low glucose tolerance and diabetes interfere negatively with the hepatitis C treatment response. [21] [22] [23] [24] Thus, these abnormalities should be corrected before treatment in order to achieve an SVR in this specific group of patients.
CONCLUSION
The present study showed that older age was a negative predictive factor of SVR in patients with genotype 1 chronic hepatitis C treated with Peg-IFN and RBV. In addition, the SVR rate was lower in the elderly group compared to non-elderly patients. However, the low SVR rate could not be explained by a higher frequency of side effects, RVB dose reduction, or treatment discontinuation. On the other hand, baseline conditions of elderly patients were more important than treatment variables. Among elderly patients, the best candidates for hepatitis C treatment are those with elevated pretreatment hemoglobin levels and adequate glycemic control.
